1. Introduction {#s0005}
===============

The clinical presentation of obsessive-compulsive disorder (OCD) is heterogeneous with patients suffering from different, potentially non-overlapping symptoms. The disorder is characterized by obsessions, which are recurrent intrusive thoughts and/or compulsions, which are persistently recurring behaviours or mental rituals. Factor analytic studies have identified different symptom dimensions that have been associated with distinct patterns of co-morbid psychiatric conditions, treatment response, genetic transmission and functional neural activity ([@bib7]). Thus, although performance on neuropsychological tasks often suggests worse performance in OCD cohorts compared to controls ([@bib35]), findings are inconsistent possibly due in part to heterogeneity in symptom presentation obscuring the overall profile ([@bib41; @bib42]). Hoarding consistently appears as a separate factor in many factor analytic studies and represents a possible source of variability in results. To date, most OCD symptom assessments have gauged hoarding symptoms at least to some degree, and historically these symptoms were conceptualized as being part of OCD ([@bib26]).

Recently, not only has OCD been reclassified in the DSM-5 ([@bib3]), where it has been moved from anxiety disorders to a newly created chapter of Obsessive-Compulsive and Related Disorders ([@bib21; @bib32; @bib54; @bib63]), but also hoarding disorder is now considered a new disorder separate from OCD within this new category ([@bib39; @bib52]). The diagnostic criteria for hoarding disorder include persistent difficulty discarding or parting with possessions, regardless of the value others may attribute to these possessions; the accumulation of a large number of possessions that fill up and clutter active living areas of the home or workplace to the extent that their intended use is no longer possible; the symptoms cause clinically significant distress or impairment in social, occupational, or other important areas of functioning (including maintaining a safe environment for self and others) (see also [@bib23]). Hoarding disorder is not diagnosed if the symptoms are better attributed to other conditions such as brain lesions, a neurodegenerative disorder, obsessions in OCD, lack of energy in major depression, or delusions in schizophrenia. Hoarding disorder is associated with high levels of serious disability and is often accompanied by reduced insight and although it typically onsets by early adulthood, if and when treatment is sought, it is usually later in life ([@bib52]). Whilst hoarding disorder is now recognized as distinct from OCD but within the same DSM-5 chapter, there are both overlaps and differences between the two disorders in phenomenology, treatment, co-morbidity, genetic and neurobiological profiles ([@bib60; @bib40]). One important observation is prevalence rates: 18--40% of OCD patients exhibit some level of hoarding, yet the majority of individuals with hoarding difficulties do not display other OCD symptoms including obsessions or anxiety-related compulsions ([@bib25; @bib53; @bib58]).

Executive function performance in OCD patients with hoarding is of interest given the noted heterogeneity in the literature. In particular, difficulties in executive function, which are likely mediated by frontostriatal neural substrates, are believed to characterize OCD and contribute to symptom development and maintenance ([@bib10]). Nevertheless, neuropsychological studies often include mixed samples of patients or exclude those suffering from primary hoarding symptoms ([@bib35]). To date, there have been only a few studies examining executive function performance in moderate to severe hoarders. Abnormalities specific to hoarding have been suggested in prefrontal areas such as the dorsal anterior cingulate and ventromedial prefrontal cortex over and above the fronto-striatal abnormalities typically found in OCD ([@bib60; @bib40]), suggesting that executive functions may be specifically informative in characterizing hoarders with and without OCD. Studies of hoarders where most or all had comorbid OCD have reported deficits in spatial memory and sustained attention ([@bib27]). Evidence regarding the Iowa Gambling Task (IGT) in OCD hoarders is mixed ([@bib36; @bib27; @bib8]), possibly because of between-study differences in hoarding severity and OCD symptom frequency. Other studies have examined individuals with hoarding symptoms, the majority of which did not meet criteria for OCD ([@bib31; @bib29; @bib68]). Difficulties were found in spatial planning, and spatial memory and organizational strategies ([@bib29; @bib31]). However, recent studies testing hoarders with no OCD did not find evidence for executive function difficulties, including spatial planning ([@bib68]) or on the IGT ([@bib67]). Individuals with hoarding symptoms have also been found to have unimpaired cognitive flexibility, inhibitory control for emotional stimuli, decision-making and verbal organization strategies ([@bib29]).

Previous neuropsychological studies of executive functions in OCD patients specifically without hoarding symptoms (typically exhibiting washing and checking obsessions and compulsions) have reported worse performance in response-inhibition, cognitive flexibility, spatial working memory and spatial planning tasks ([@bib11; @bib13]), though a recent study did not find response-inhibition difficulties ([@bib8]). The evidence for decision-making difficulties is inconsistent ([@bib9; @bib49; @bib11]) and organizational deficits have been implicated in memory difficulties that are sometimes observed ([@bib59]). Deficits in stop-signal response-inhibition and cognitive flexibility but not decision-making have also been demonstrated in the unaffected first-degree relatives of such OCD patients, suggesting these particular cognitive functions may play a key role in identifying endophenotypes of OCD ([@bib13]). In summary, there are limited data on response-inhibition as assessed by the stop-signal task in hoarding, despite its significance in OCD ([@bib10; @bib8]). This task is particularly suited to examine response-inhibition as it requires suppressing already-initiated motor responses, enlisting greater inhibitory demands and less action selection than go/no-go tasks which have yielded varied results in OCD samples ([@bib46]). Likewise, as noted above, the evidence regarding cognitive flexibility and decision making is inconsistent. Such inconsistencies may have been due to differing degrees of overlap with OCD between the various hoarding samples, and the use of different tasks across studies.

Here we examined the executive function profile of OCD patients with prominent and severe hoarding symptoms, comparing them to a healthy control group. Given that hoarding is now considered a distinct disorder ([@bib53; @bib39; @bib3]), a separate group of patients meeting criteria for hoarding disorder but no comorbid OCD was also assessed. Performance measures were obtained for response inhibition, cognitive flexibility, spatial planning and decision-making, on executive functions tasks previously used to characterize cognitive deficits in non-hoarding OCD patients. Should both hoarding groups have a similar profile to non-hoarding OCD, difficulties compared to controls would be hypothesized in response-inhibition (stop-signal reaction time; SSRT), cognitive flexibility as measured by extra-dimensional (ED) shifting and spatial planning as measured by problems solved in the Tower of London (TOL), but not decision-making as measured by a gamble task. A probabilistic learning and reversal task was also employed, as evidence for deficits in OCD have been inconsistent in both behaviour and functional brain imaging ([@bib15; @bib56; @bib11; @bib18]). Such tasks depend on intact orbitofrontal and cingulate function ([@bib17; @bib19]), which is believed to be impaired in OCD, particularly in hoarders ([@bib1; @bib40]). In sum, this study investigated the cognitive profile of OCD patients with prominent hoarding symptoms and of individuals with hoarding disorder who do not have comorbid OCD. Following the main analyses, we then compared the resulting cognitive profiles of the two groups with those previously obtained in the same tasks, in a sample of non-hoarding OCD patients ([@bib12; @bib11]).

2. Methods {#s0010}
==========

2.1. Participants {#s0015}
-----------------

Twenty-four severe hoarders meeting DSM-IV-TR criteria for OCD and 22 individuals with severe hoarding who did not meet criteria for OCD participated in the study. Hoarders were recruited from specialist OCD and hoarding clinics and through independent charities. All were assessed by experienced clinicians (N.F., D.M. and A.P.) supplemented with the MINI ([@bib61]) to establish diagnosis and meeting inclusion criteria. Inclusion criteria included severe hoarding as indicated by the criteria outlined by Frost and colleagues ([@bib23; @bib64]) and a Savings Inventory-Revised (SI-R) ([@bib24]) score above 35. All hoarders confirmed that their hoarding was chronic and did not begin later in life. All cases with hoarding met the diagnostic criteria for Hoarding Disorder ([@bib3]). Exclusion criteria included no neurological disorder, psychosis, head/brain injury or excessive drug use. Individuals with co-morbid anxiety and mood disorders were not excluded provided hoarding was their main problem. Twenty-eight controls, screened for past or current psychiatric disorders, neurological conditions and psychotropic medication also participated in the study. OCD symptoms were assessed with the YBOCS ([@bib26]) and the Obsessive-Compulsive Inventory-Revised (OCI-R) ([@bib22]). Montgomery-Asberg Depression Rating Scale (MADRS) ([@bib44]) and Beck Depression Inventory (BDI) ([@bib5]) assessed depression, State-Trait Anxiety Inventory (STAI) ([@bib62]) measured anxiety, and National Adult Reading Test ([@bib47]) assessed verbal IQ. The study was approved by the Essex Research Ethics Committee and all participants provided written informed consent. Co-morbid depression, albeit often mild, co-occurred in thirteen OCD hoarders and seven individuals with hoarding disorder, and anxiety disorders co-occurred in four OCD hoarders (generalized anxiety disorder=3 and social phobia=1) and seven hoarding disorder cases (generalized anxiety disorder=4, social phobia=1, agoraphobia=1, panic disorder=1, and posttraumatic stress disorder=1) and anorexia nervosa in one. Four hoarding disorder cases were taking psychotropic medication, three were on selective serotonin reuptake inhibitors (SSRIs) and one on an antidepressant (agomelatine). All 13 OCD hoarders taking psychotropic medication were on SSRIs, with three also taking anti-psychotic medication, one also taking a benzodiazepine and one taking agomelatine.

2.2. Procedure {#s0020}
--------------

Participants completed a battery of well-validated tasks characterizing executive function, mainly from the Cambridge Neuropsychological Test Automated Battery (CANTAB) ([www.camcog.com](http://www.camcog.com){#ir0005}). Task order was counterbalanced across participants and within each group.

The stop-signal task ([@bib38; @bib2]) measures response activation (median Go reaction time; RT) and response inhibition (SSRT). Participants respond to left and right arrows (go stimuli) with left and right key presses respectively, unless they hear a beep (stop stimulus, on a random 25% of trials) signalling to withhold the response. The delay between go and stop stimuli onsets varies using a tracking algorithm resulting in successful inhibition of responses on half the stop trials, allowing the estimation of SSRT using a race horse model ([@bib38]).

The Intradimensional/Extradimensional Shift (IED) Task ([@bib51]) is a nine-stage visual discrimination task of rule acquisition examining set-shifting as an index of cognitive flexibility. Two multidimensional stimuli are displayed and feedback is provided so that participants learn which stimulus is correct. To pass each stage, six consecutive correct responses are required within 50 trials, otherwise, the task ends. The rule for correct responding is modified at each stage to dissociate different aspects of cognitive flexibility. The extra-dimensional shift stage examines inhibiting or shifting attention away from previously relevant stimulus dimensions. Key measures are errors made in the extra-dimensional stage (EDS) and total errors.

The TOL task ([@bib50]) examines spatial planning and problem solving. In each trial participants move stacks of coloured balls in a lower arrangement to resemble an arrangement on the top half of the display. The minimum number of moves progresses from 2 to 4 per problem. The average number of moves required, the number of trials solved in the minimum possible number of moves, and the time to complete the pattern provide measures of planning ability.

The Cambridge Gamble Task ([@bib57]) is a decision-making task where participants accumulate points by gambling over different probabilities of winning. On each trial, 10 red and blue boxes are displayed, with the ratio of coloured boxes varying across trials. Participants decide on the colour they think a token is hidden behind and also decide how many points to gamble. Key measures include mean percentage of points gambled and percent of rational decisions made.

Probabilistic learning and reversal (PLR) ([@bib65]) examines acquiring and reversing a two-choice discrimination, gauging cognitive flexibility. Participants choose between two stimuli with probabilistic feedback in an 80:20 ratio. Participants complete 40 trials in two stages, with the rules reversed in the second stage. Participants are assumed to have learned the discrimination when a criterion of eight consecutive responses to the 'correct' stimulus is achieved. Key outcome measures are the number of participants passing each stage, and trials to criterion. Additionally, a maintenance score indicates greater difficulty maintaining the relevant discrimination once achieved.

2.3. Data analysis {#s0025}
------------------

One hoarding disorder case and four OCD hoarders did not complete all the tasks and this is reflected in the reported degrees of freedom. Prior to analysis, proportion data were arcsine transformed, count data were square-root transformed and latencies were logarithmically transformed to stabilize variance or reduce skew in the distributions ([@bib33]). To examine performance relative to controls in each group, planned contrasts were used, though analyses of variance (ANOVA) are also reported. The *χ*^2^ test was used to analyse the number of participants passing each stage of the PLR. Where patients were significantly worse than controls (*p*\<0.05), effect sizes were computed. Subsequently, in a secondary analysis, the two hoarding groups (with and without OCD) were compared to 20 non-hoarding OCD patients previously collected (see [@bib11] for full details). As they differed significantly in age (*F*(2, 63)=14.76, *p*\<0.01), analyses were performed on normalized scores, where each individual\'s score was normalized to the appropriate control group, both of which had a mean score of 0.

3. Results {#s0030}
==========

As seen in [Table 1](#t0005){ref-type="table"}, there were no significant group differences in age and verbal IQ. The two patient groups did not differ from the control group but differed from each other in gender distribution (*χ*^2^(1)=5.12, *p*\<0.05). OCD hoarders showed the highest levels of OCD symptoms, depression as assessed by the MADRS, and trait anxiety. Hoarding disorder cases did not differ from controls on OCD severity as measured by the YBOCS, but had worse levels of depression, anxiety and self-reported OCD symptoms. Importantly, hoarding severity was comparable in the two hoarding groups.

[Table 2](#t0010){ref-type="table"} displays the planned contrasts for the different tasks between the two hoarding groups and controls. In the stop-signal task, both groups had slowed SSRTs compared to controls (overall ANOVA: *F*(2, 70)=3.17, *p*\<0.05) with preserved go RT. Mean proportion of successful stops was approximately 0.5 for all groups indicating the tracking algorithm was successful. In the TOL, both hoarding groups had impaired performance, requiring more moves to complete problems and solving less problems in the minimal moves possible (ANOVAs: *F*(2, 67)=4.78, *p*\<0.05, and *F*(2, 67)=5.27, *p*\<0.05, respectively). At the same time, their latencies did not differ from controls.

In the IED task, OCD hoarders had significantly increased errors, whereas the hoarding disorder group did not differ significantly from controls (overall ANOVAs: *F*(2, 67)=2.90, *p*=0.06, and *F*(2, 67)=2.45, *p*=0.09 for total and EDS errors, respectively) ([Fig. 1](#f0005){ref-type="fig"}). In PRL, *χ*^2^ tests on pass/fail rates indicated that in stage 1, neither OCD hoarders (*χ*^2^(1)=2.55, *p*=0.11) nor hoarding disorder cases (*χ*^2^(1)=2.92, *p*=0.09) differed significantly from controls. In stage 2, the difference between OCD hoarders and controls reaching criterion just approached significance (*χ*^2^(1)=3.77, *p*=0.05), and the difference between the hoarding disorder and control groups was significant (*χ*^2^(1)=7.31, *p*\<0.01) (see [Fig. 2](#f0010){ref-type="fig"}A). Hoarders required more trials than controls to reach criterion but did not differ in their maintenance score suggesting that once at criterion, they could maintain the correct stimulus despite misleading feedback (ANOVAs: *F*(2, 71)=3.01, *p*=0.05, and *F*(2, 71)=2.93, *p*=0.06, for trials to criterion in stages 1 and 2, respectively). To further inspect learning, per cent correct choice was computed for eight-trial blocks. Choosing the correct stimuli was similarly impaired across all blocks in both stages (i.e., there was no significant interaction between block and group, *p*\>0.33 for both) (see [Fig. 2](#f0010){ref-type="fig"}B). The two hoarding groups did not differ from controls on either measure of the Cambridge Gamble Task (see [Table 3](#t0015){ref-type="table"}). Finally, there were no significant differences between the two hoarding groups on any performance indices.

To investigate the possible role of depression, we examined only hoarders across both hoarding groups who were non-depressed, with the stringent criteria of a MADRS score below 12 (MADRS mean was 4.8). Similar group differences were found (although SSRT now became marginally significant (*p*\<0.08)), suggesting the present findings were unlikely to result from comorbid depressive symptoms. Additionally, no correlations between depression scores or anxiety scores and the key performance measures of stop-signal, spatial planning, set-shifting or probability reversal were significant. Hoarders who scored below the median anxiety score demonstrated significant impairments in TOL, set shifting, PRL, and marginal significance in SSRT (*p*\<0.06), replicating the results reported in [Table 2](#t0010){ref-type="table"}. When examining only unmedicated hoarders the results remained similar (stop-signal SSRT, TOL and PRL indices remained significant). Similarly, when examining only medicated hoarders, they performed significantly worse than controls (stop-signal SSRT, TOL and ED errors remained significant, with PRL indices at marginal significance). No correlations between symptom severity and key performance measures of stop signal, probability reversal, set-shifting or spatial planning were significant in the hoarders. Covarying for gender did not change any of the results above.

Secondary ANOVAs investigating hoarders and non-hoarding OCD patients, and comparing the normalized scores, revealed no significant differences between the three patient groups (*p*\>0.33 for all comparisons). Replicating the results above, all three groups had impaired response inhibition and spatial planning with intact decision making compared to their respective controls. Cognitive flexibility as measured by EDS errors indicated a graded impairment with non-hoarding OCD patients most impaired, followed by OCD hoarders and best performance by hoarding disorder cases (normalized scores for the three groups, respectively: 0.804, 0.683, and 0.278). As in previous analyses, only the first two groups were significantly worse than controls. Reversal learning as measured by errors to criterion following a reversal showed the opposite pattern, with best performance by OCD patients, followed by OCD hoarders and worst performance by hoarding disorder cases (for the three groups, respectively: 0.500, 0.675, and 0.961). Similar results were found for pass/fail, as 90% of non-hoarding OCD patients passed following reversal. As in previous analyses, only the two hoarding groups were significantly worse than controls.

4. Discussion {#s0035}
=============

This study investigated the profile of executive functions in two distinct groups: OCD hoarders and hoarding disorder patients without comorbid OCD. Performance in the two groups was similar overall, despite strikingly different clinical presentations (best seen in YBOCS scores). The neuropsychological evidence dovetails with the similar phenomenology of hoarding behaviours across the two groups ([@bib53]). The hoarding groups did not differ significantly in task performance, though OCD hoarders had increased OCD symptoms, greater trait anxiety and depressive symptom severity. As hypothesized, the neurocognitive profile of the two hoarding groups is largely similar to that previously reported using the same tasks in non-hoarding OCD patients ([@bib12; @bib11]). Firstly, this extends the notion that response inhibition and spatial planning deficits together with intact decision making are characteristic of the obsessive-compulsive spectrum, regardless of the presence of severe hoarding. Secondly, the present findings support the notion that this neuropsychological profile is associated with the compulsive nature of OCD and hoarding rather than the time consuming obsessions and rituals reported in OCD but absent in those with hoarding disorder.

Worse performance in spatial planning using similar tasks has been previously reported in mixed groups of OCD patients ([@bib70; @bib55; @bib71]) and in hoarders ([@bib29]). Similar inhibitory difficulties were reported in non-hoarding OCD ([@bib12]), although a recent study failed to find SSRT difficulties in a group of non-hoarding OCD and a group of hoarders where just over half had OCD ([@bib8]). Current results lend converging validity for difficulties in these two domains across both OCD hoarders and those with hoarding disorder. This suggests that these two groups, similar to other OCD patients, would have abnormalities in lateral prefrontal--striatal circuits ([@bib69; @bib43]) in addition to the probable orbitofrontal dysfunction. Intact decision-making in the gambling task is also consistent with previous reports of non-hoarding OCD patients ([@bib11]). Although cognitive theories of hoarding propose decision making difficulties ([@bib23]), current evidence suggests such difficulties manifest only in situations where choices are personally relevant ([@bib72; @bib29; @bib66]). Hence, as here, hoarders appear unimpaired in structured decision-making situations which do not pertain to highly personal matters.

In contrast to the evidence regarding response inhibition, spatial planning and decision making, the findings regarding cognitive flexibility were less straightforward. OCD hoarders had worse ED shifting than controls while hoarding disorder cases with no comorbid OCD were not significantly worse, their performance being intermediate between controls and OCD hoarders. Previously in this task non-hoarding OCD patients performed worse than controls ([@bib13]) whilst non-OCD hoarders did not ([@bib29; @bib68]). It is tempting to attribute ED shifting difficulties to OCD per se. However, in light of the large inconsistencies in the OCD literature on cognitive flexibility ([@bib35]) and given the two hoarding groups did not differ significantly, such a conclusion might be premature. To demonstrate statistically significant differences between the two hoarding groups in ED-shifting would require groups of 140 individuals each.

While ED shifting entails moving attention to a dimension thus far considered irrelevant, in reversal learning the correct response is now associated with a previously incorrect response. OCD hoarders and hoarding disorder cases performed worse than controls on the PRL, in contrast to previous findings in non-hoarding OCD patients using the same task ([@bib11]). Several lines of evidence suggest hoarders may exhibit particular difficulties in reversal learning. First, brain regions subserving reversal learning, such as the ventromedial prefrontal cortex ([@bib17; @bib19]) appear to be particularly implicated in severe hoarding ([@bib40]). Second, higher levels of hoarding in OCD were associated with worse IGT performance, with worse performance emerging in later blocks, consistent with the notion that hoarding patients had difficulties overcoming an initial preference to disadvantageous decks ([@bib20; @bib36]). Worse performance in IGT could be explained by underlying reversal difficulties ([@bib20]). However, direct group comparisons again demonstrated graded performance with no significant differences. Thus, it is possible that weakness in cognitive flexibility in OCD and hoarders are a matter of degree (see also [@bib67]). This weakness may also become more pronounced in older adults as it may interact with normal aging related decline ([@bib4]).

Taken together, variations in ED shifting and PRL performance putatively reflect subtle variations in underlying fronto-striatal pathology. ED shifting is likely more sensitive to lateral prefrontal functionality (Hampshire and [@bib30]), while PRL is likely more sensitive to medial prefrontal functionality, particularly with few reversals ([@bib19]). This suggests that future investigations of cognitive flexibility in OCD should be particularly careful in assessing hoarding symptoms, given a large minority of patients exhibit some degree of hoarding symptoms ([@bib25; @bib53; @bib58]).

One limitation of this study was that many of the OCD hoarders were medicated. There were too few unmedicated OCD patients to conduct analyses in this group separately, however analyses in unmedicated and medicated patients yielded a similar pattern of cognitive difficulties suggesting medication was unlikely to have a large influence on observed results. Moreover, the inhibitory and cognitive flexibility difficulties are consistent with previous studies where healthy unmedicated first-degree relatives of OCD patients were similarly impaired ([@bib13]). Additionally, SSRI manipulations do not appear to influence response-inhibition performance ([@bib14]). Medication is also unlikely to underlie PRL deficits as unimpaired performance was previously found in medicated OCD patients ([@bib11; @bib18]). We did not exclude hoarders with depression and anxiety. Importantly however, similar results were found with analyses restricted to non-depressed hoarders, or those with relatively low anxiety. Our approach enabled a pragmatic recruitment policy and resulted in depression and anxiety rates comparable to previously reported studies ([@bib53; @bib68]). Depression and anxiety correlate with hoarding in OCD and even non-clinical samples ([@bib16; @bib73]). Thus, to exclude such co-morbidities in hoarders may yield a restricted and unrepresentative clinical sample. Moreover, evidence from previous studies reaffirms that neither anxiety nor depression were likely to account for the observed results ([@bib6]). For example, a stop-signal meta-analysis found no evidence for inhibitory deficits in anxiety disorders ([@bib37]). Additionally, co-morbid depression did not influence response-inhibition impairments in OCD ([@bib45]). Studies of anxiety disorders found no deficits in cognitive flexibility and spatial planning ([@bib55]). Taken together, the evidence suggests co-morbid anxiety or depression per se unlikely to account for present findings. Future studies can benefit from inclusion of a depression and/or anxiety clinical control group ([@bib27; @bib29]). The present study investigated OCD hoarders and individuals with hoarding disorder and no OCD, whilst also subsequently comparing these two groups to a previously collected sample of non-hoarding OCD. Although we note that no neuropsychological study to date has contrasted all three groups *a priori*, this would be useful in future to obtain a complete understanding of the relationship between the disorders (see for example [@bib48]). As we used planned comparisons, we did not employ corrections for multiple comparisons. Nevertheless, as the results are consistent across both groups and converge with previous studies employing the same tasks, an inflated type I error is unlikely. Current hoarders were predominantly female and older than in previous non-hoarding OCD studies, but representative of other reports of excessive hoarders ([@bib53]). It is presently unclear whether a gender bias exists in recruitment or referral, whereby females are more likely to seek assistance, or whether this results from underlying prevalence rates. Preliminary epidemiological evidence suggests increased hoarding in males ([@bib58; @bib34]), but likely accompanied by even greater lack of insight. Hoarding often becomes problematic only later in life, and studies consistently report older samples ([@bib52]). At the same time, hoarding begins for many in their teens but recognition of the problems lags considerably ([@bib28]). When presently asked about onset, most participants reported hoarding symptoms since childhood and early adolescence which steadily worsened, but had difficulties pinpointing a specific age retrospectively. Age of onset of hoarding symptoms may be an important determinant in distinguishing potential mechanisms contributing to hoarding behaviour ([@bib28]). For example, considerably greater cognitive dysfunction has been reported in geriatric hoarding patients ([@bib4]). Identifying younger hoarders and hoarders who do not seek help remains a challenge for future research.

In sum, we examined executive functions in individuals with OCD and severe hoarding as well as in a clinically distinct group of individuals meeting DSM-5 criteria for hoarding disorder without comorbid OCD. Although OCD symptoms differed markedly between the two hoarding groups, their task performance did not differ, nor did their performance differ significantly in a subsidiary analysis from a previously reported group of non-hoarding OCD patients. Impairments in response-inhibition and spatial planning together with intact decision making were present in all groups, which all exhibited increased compulsivity regardless of excessive time-consuming obsessions, compulsions and hoarding. Tests of cognitive flexibility showed the least amount of convergence between the groups; however differences were small and likely reflected the psychometric limitations of the tasks together with possible variation in underlying brain pathology. Future studies in OCD would benefit from ascertaining hoarding severity rather than the mere presence of hoarding symptoms to better characterize OCD groups and the comparability of their clinical profiles across studies, particularly in tests sensitive to cognitive flexibility.
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![Performance in OCD hoarders, compulsive hoarders without OCD and controls in the Intradimensional/Extradimensional shift task. Panel (A) shows extradimensional shift (EDS) errors. Panel (B) shows the errors before the EDS stage. Only OCD hoarders had significantly more EDS errors compared to controls and there were no differences in errors before the EDS stage.](gr1){#f0005}

![Performance in OCD hoarders, compulsive hoarders without OCD and control participants in the probabilistic learning and reversal task. Panel (A) shows the per cent of participants who passed in each group. Significantly more compulsive hoarders failed in Stage 2 and marginally more OCD hoarders failed compared to controls. Panel (B) shows the per cent of the correct stimulus chosen in the two stages of the task.](gr2){#f0010}

###### 

Demographic and clinical characteristics of OCD hoarders, compulsive hoarders without OCD and control participants.

  Characteristic                                     OCD Hoarders   Compulsive Hoarders   Control Participants   *F*     *p*                         
  -------------------------------------------------- -------------- --------------------- ---------------------- ------- ---------- ------- -------- ---------
  Male:female                                        12:12          4:18                  12:16                                                      
  Age (years)                                        48.75          11.2                  53.95                  8.66    51.50      10.51   1.49     0.23
  National Adult Reading Test (verbal IQ estimate)   119.13         3.71                  119.60                 3.63    119.32     3.28    0.11     0.90
  Savings Inventory-Revised                          59.13^a^       12.32                 60.34^a^               14.14   11.54^b^   6.98    159.28   \<0.001
  Yale-Brown Obsessive Compulsive Scale              19.63^a^       5.17                  0.18^b^                0.85    0^b^       0       349.70   \<0.001
  Montgomery-Asberg Depression Rating Scale          13.75          9.10                  8.59^b^                6.56    1^c^       1.56    26.51    \<0.001
  State-Trait Anxiety Inventory state                50.54^a^       11.12                 48.10^a^               11.26   27.57^b^   5.47    46.91    \<0.001
  State-Trait Anxiety Inventory trait                57.13^a^       8.86                  50.67^b^               12.53   28.11^c^   5.07    75.38    \<0.001
  BDI                                                15.30^a^       10.10                 12.93^a^               9.83    2.25^b^    2.29    19.78    \<0.001
  OCI                                                36.42^a^       13.50                 19.27^b^               7.77    4.61^c^    3.69    79.64    \<0.001
  OCI no H                                           26.58^a^       12.71                 9.91^b^                7.29    3.21^c^    3.20    50.84    \<0.001

*Note*: BDI=Beck\'s Depression Inventory; OCI=obsessive compulsive inventory; OCI no H=OCI without the hoarding subscale; Values with different superscripts significantly differ from each other as measured by Tukey\'s Honest Significant Difference.

###### 

Neuropsychological tests results.

  Task and measure                          OCD Hoarders   Compulsive Hoarders   Healthy Comparison Participants   OCD Hoarders vs. Controls   Compulsive Hoarders vs. Controls   OCD Hoarders vs. Controls   Compulsive Hoarders vs. Controls                                                                                                                           
  ----------------------------------------- -------------- --------------------- --------------------------------- --------------------------- ---------------------------------- --------------------------- ---------------------------------- ------ --------------------------------------------- ------ ------ --------------------------------------------- ------ ------
  Stop-signal task                                                                                                                                                                                                                                                                                                                                                       
   Stop-signal reaction time                215.10         73.76                 208.72                            76.69                       174.07                             42.06                       6.29                               1,50   \<0.05[⁎](#tbl1fnstar){ref-type="table-fn"}   4.09   1,47   \<0.05                                        0.70   0.56
   Median go reaction time                  350.79         43.84                 384.90                            81.62                       360.43                             52.04                       0.52                               1,50   0.47                                          1.64   1,47   0.21                                                 
   Mean proportion successful stops         0.48           0.08                  0.51                              0.07                        0.50                               0.06                        0.47                               1,50   0.49                                          0.27   1,47   0.60                                                 
   Tower of London                                                                                                                                                                                                                                                                                                                                                       
   Mean attempts                            4.57           0.76                  4.33                              0.50                        4.06                               0.45                        8.53                               1,46   \<0.01[⁎](#tbl1fnstar){ref-type="table-fn"}   4.26   1,48   \<0.05                                        0.86   0.59
   Number of minimum moves                  7.65           2.34                  8.23                              2.37                        9.50                               1.55                        11.43                              1,46   \<0.01[⁎](#tbl1fnstar){ref-type="table-fn"}   5.64   1,48   \<0.05[⁎](#tbl1fnstar){ref-type="table-fn"}   0.99   0.68
   Latency                                  8094.07        6019.80               9100.19                           11011.94                    6542.69                            4797.50                     0.47                               1,46   0.18                                          1.74   1,48   0.19                                                 
                                                                                                                                                                                                                                                                                                                                                                         
  Intradimensional/Extradimensional Shift                                                                                                                                                                                                                                                                                                                                
   EDS errors                               27.45          23.31                 19.50                             21.63                       14.04                              19.63                       4.89                               1,46   \<0.05                                        1.16   1,48   0.37                                          0.65   0.34
   Total errors                             41.85          39.90                 27.82                             21.69                       22.36                              20.89                       5.35                               1,46   \<0.05[⁎](#tbl1fnstar){ref-type="table-fn"}   1.00   1,48   0.49                                          0.68   0.42
                                                                                                                                                                                                                                                                                                                                                                         
  Probability reversal                                                                                                                                                                                                                                                                                                                                                   
   Stage 1                                                                                                                                                                                                                                                                                                                                                               
    Passing:fail (*N*)                      20:4           18:4                  27:1                                                                                                                                                                                                                                                                                    
    Trials to criterion                     17.29          11.38                 17.73                             11.72                       11.82                              7.57                        4.70                               1,50   \<0.05                                        5.07   1,48   \<0.05                                        0.60   0.64
    Maintenance Score                       0.04           0.06                  0.02                              0.06                        0.02                               0.04                        2.08                               1,45   0.16                                          0.16   1,43   0.69                                                 
   Stage 2                                                                                                                                                                                                                                                                                                                                                               
    Passing:fail (*N*)                      19:5           15:7                  27:1                                                                                                                                                                                                                                                                                    
    Trials to criterion                     20.25          12.08                 22.36                             13.20                       15.04                              7.87                        3.43                               1,50   \<0.07                                        5.83   1,48   \<0.05[⁎](#tbl1fnstar){ref-type="table-fn"}   0.52   0.69
    Maintenance Score                       0.08           0.14                  0.02                              0.03                        0.03                               0.07                        2.48                               1,42   0.12                                          0.46   1,38   0.50                                                 
                                                                                                                                                                                                                                                                                                                                                                         
  Cambridge Gamble Task                                                                                                                                                                                                                                                                                                                                                  
   Percentage of points gambled             49.75          12.45                 52.48                             13.01                       53.72                              12.68                       1.12                               1,46   0.29                                          0.09   1,48   0.76                                                 
   Percentage of rational decisions made    0.900          0.15                  0.922                             0.14                        0.945                              0.09                        0.64                               1,46   0.43                                          0.50   1,48   0.48                                                 

**Note**: *χ*^2^ tests for probability reversal task pass/fail rates are reported in the results section. All latencies are reported in milliseconds.

*P* values where \<0.05 denote comparisons surviving Bonferroni correction.

###### 

Summary of cognitive profile in OCD hoarders, compulsive hoarders (from the current study) and non-hoarding OCD from previous studies using the same tasks.

                                                 OCD Hoarders(current study)   Compulsive Hoarders (current study)   Non-hoarding OCD (previous studies)
  ---------------------------------------------- ----------------------------- ------------------------------------- -------------------------------------
  Stop-signal task                               **+**                         **+**                                 **+**
  Tower of London                                **+**                         **+**                                 **+**
  Cambridge Gamble Task                          **−**                         **−**                                 **−**
  Probabilistic learning and reversal            **+**                         **+**                                 **(−)**
  Intradimensional/Extradimensional Shift Task   **+**                         **(−)**                               **+**

*Note*.+=impaired compared to healthy controls; −=unimpaired compared to healthy controls; (−)=not significantly different from controls or other hoarding/OCD patients. Previous studies of non-hoarding OCD using identical (stop-signal task, Intradimensional/Extradimensional Shift Task Shift task, Cambridge Gamble Task and Probabilistic learning and reversal) or highly similar (Tower of London) tasks: ([@bib11; @bib13]).
